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Feb. 1, 1994 Sheet 1 of 2 5,283,590 This invention relates generally to a circularly polar ized beam shaping antenna, and more particularly, to a device for shaping a beam of radiation to create a prede termined radiation pattern by physical rotation of circu larly polarized radiator elements on a ground plane of the antenna.
Discussion Of The Related Art
In order to avoid interference of one radio system upon another, and to control the area where electro magnetic energy from these systems are radiated, trans mitting antennas are known which direct electromag netic energy in a predetermined radiation pattern. The shape of the radiation pattern is generally dependent on the type of antenna used and the beam shaping tech nique employed. Currently, there are several different antennas and beam shaping techniques known to shape the radiation pattern, including: (1) aperture shaping techniques; (2) beam shaping with a shaped surface reflector antenna; (3) array fed parabolic reflector an tennas; and (4) microstrip reflectarrays.
In the aperture shaping technique, the aperture shape of a feed horn or of a focused reflector surface is modi fied to achieve the desired radiation pattern. For exam ple, an elongated shaped aperture will produce an elon gated beam, an elliptical shaped aperture will produce an elliptical beam, etc. However, this technique is lin ited to simple geometric shapes, whereas many designs require various irregular and/or complex shapes.
Beam shaping with a shaped surface reflector antenna consist of a single feed horn illuminating an irregularly contoured reflector surface. Coherent circularly polar ized electromagnetic energy is radiated from the feed horn to the irregularly contoured reflector surface. The path length from the feed horn to the reflector surface alters the phase of the corresponding reflected beams. The combined radiation beam from the various phase reflected beams create the desired radiation pattern.
This technique is suitable for numerous desired radia tion pattern shapes, but is difficult and expensive to construct, since the reflector surface must be machined to the required contour. Additionally, shaped surface reflector antennas are limited to a single radiation pat tern. Moreover, the phase relationship between adja cent points on the reflector surface often creates discon tinuities in the reflector surface. Therefore, the phase difference between adjacent points on the reflector surface is typically limited to less than 90. This inhibits a step type surface from being created which generate the discontinuities and poses a difficult machining pro CSS. In an array fed parabolic reflector antenna, multiple feed horns generally illuminate a parabolic reflector.
The combined radiation beam from each feed horn, adjusted with the right phase and amplitude, produces the desired radiation pattern. This technique suffers from several drawbacks including RF loss, decrease in antenna gain, control problems, cost and complexity, thereby making its use less attractive.
The microstrip reflectarray antenna consist of radia tor elements arranged on a planar aperture. The radia tor elements are connected to short circuit terminations and are illuminated by a feed horn. When illuminated, these radiator elements will re-radiate their illuminated electromagnetic energy back into space. To control the radiation pattern, the path lengths from the feed horn to the short circuit terminations are controlled, which in turn, control the phase of the re-radiated beams. Trans mission lines of different lengths are connected between the radiator elements and the short circuit terminations to alter the path lengths and phase of the re-radiated beams. The disadvantages of this antenna are its very stringent design tolerances and a rigorous analytical technique to accurately control and model the radiation pattern.
The current antennas and techniques described, each shape a predetermined radiation pattern. However, each antenna and technique have disadvantages that affect their cost, complexity and feasibility. What is needed then, is a beam shaping antenna for radiating a predetermined radiation pattern which is cost efficient, easily manufactured, capable of radiating complex, ir regularly shaped radiation patterns, not limited to a single radiation pattern or phase adjustment, maintains good antenna gain and has wider tolerance require ments. It is therefore an object of the present invention to provide such a device.
SUMMARY OF THE INVENTION
In accordance with the present invention, a predeter mined electromagnetic radiation pattern is created by shaping a beam of radiation from a circularly polarized beam shaping antenna. This is basically achieved by physical rotation of circularly polarized radiator ele ments on a ground plane, wherein the rotation alters the phase of each radiator element such that the combined radiation from each individual radiator element shapes a combined beam to create a predetermined radiation pattern.
In one preferred embodiment, a circularly polarized feed horn generates the beam of radiation to be shaped. A number of circularly polarized radiator elements attached to a ground plane and connected to short cir cuit terminations by transmission lines are positioned to receive the radiated beam. The radiator elements are rotated relative to the ground plane, thereby altering the phase of each element. Each element individually radiates a beam to form the combined radiation beam which creates the predetermined radiation pattern.
In another preferred embodiment, the circularly po larized feed horn again generates the beam of radiation to be shaped. The circularly polarized radiator elements are attached to a first ground plane and are positioned to receive the radiated beam. Each radiator element is further connected in conjugate pairs to radiator ele ments attached to a second ground plane by transmis sion lines. The radiator elements on the second ground plane are rotated relative to the ground plane, thereby altering the phase of each element. Each element at tached to the second ground plane individually radiates a beam to form the combined radiation beam creating the predetermined radiation pattern. This radiation pat tern propagates through space in the same direction as the feed horn radiation pattern.
The present invention provides a circularly polarized beam shaping antenna which is capable of radiating complex, irregularly shaped radiation patterns in a cost efficient, easily manufactured way. The pattern charac teristic can be limited to a single radiation pattern or 5,283,590 3 multiple patterns. Furthermore, the antenna is capable of good antenna gain with wide tolerance requirements. As a result, the aforementioned problems associated with currently available beam shaping antennas and techniques should be substantially eliminated.
BRIEF DESCRIPTION OF THE DRAWINGS
Still other advantages of the present invention will become apparent to those skilled in the art after reading the following specifications and by reference to the drawings in which:
FIG. 1 is a perspective view of one preferred embodi ment of the subject invention containing a number of circularly polarized crossed dipole radiator elements attached to the concave surface of a parabolic ground plane having a circular circumference and a conical 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The following description of the preferred embodi ments concerning circularly polarized beam shaping antennas is merely exemplary in nature and is in no way intended to limit the invention or its application or uses, Referring to FIG. 1, a perspective view of a circu larly polarized beam shaping antenna 10, according to one preferred embodiment of the present invention, is shown. The circularly polarized beam shaping antenna 10 includes a circularly polarized conical feed horn 12 having a circular aperture 14. Conical feed horn 12 is preferably located at the focal point of a parabolic ground plane 16 having a circular circumference. The location of the conical feed horn 12 provides a -10 db edge taper at the edge of the ground plane 16. One skilled in the art would further recognize that the ground plane 16 can also include other surface con tours, sizes and circumferences, depending on the de sign constraints and parameters desired. Moreover, the ground plane 16 is preferably constructed of an electri cally conductive aluminum alloy material. However, the ground plane 16 can also be constructed of other electrically conductive materials such as various alloys, graphite or conductive mesh. tates about the direction of propagation so that the electric field from the beam makes one full rotation for each wavelength it advances. Furthermore, the fre quency and amplitude of the circularly polarized beam as well as the path length from the conical feed horn 12 to the crossed dipole radiator elements 18 will vary depending on the design constraints and parameters desired.
Referring to FIG. 2, a Referring to FIG. 3 , each of the crossed dipole radia tor elements 18 consist of a dipole arm 26 extending perpendicular to a dipole arm 28 having a split balun 30.
The diameter of the dipole arms 26 and 28 control the bandwidth of the radiated beam, while the length of the dipole arms 26 and 28 control the frequency of the radiated beam. The unequal lengths of the crossed di pole arms 26 and 28 in conjunction with opposite polari ties on either side of the split balun 30, produces the circular polarization. The crossed dipole radiator ele ments 18 are preferably constructed of a conductive graphite material. However, crossed dipole radiator elements 18 can also be constructed of various other conductive materials, including aluminum and metal alloys.
In operation, the conical feed horn 12 generates the circularly polarized beam of radiation which is received by the crossed dipole radiator elements 18. The circu larly polarized beam impinges the crossed dipole radia tor elements 18 and propagates through the transmis sion lines 2 to the short circuit terminations 20. The transmission lines 22 act as waveguides which support propagation of the radiated beam received by crossed dipole radiator elements 18. After propagating through the transmission lines 22, and arriving at the short cir cuit terminations 20, the circularly polarized beams are reflected back such that the beams propagate through transmission lines 22 and out the crossed dipole radiator elements 18. This causes each crossed dipole radiator element 18 to radiate an individual circularly polarized 5,283,590 5 beam of radiation having the same polarization as the incident beam from the feed horn.
The phase of the individual beams radiated from each crossed dipole radiator element 18 is altered by the physical rotation of the crossed dipole radiator elements 18, relative to the ground plane 16, employing slipjoints 24. For example, if the crossed dipole radiator element 18 is rotated clockwise --45; (as viewed from the front of the crossed dipole radiator element 18) the phase of the radiated beam from the crossed dipole radiator ele ment 18 will lead by + 45°. Conversely, if the crossed dipole radiator element 18 is physically rotated counter clockwise -45, the radiated beam will lag by -45. The individual radiation from each crossed dipole radi ator element 18 thus forms a combined radiation beam in the far field creating a predetermined radiation pat tern. This radiation pattern may cover a particular por tion of a state, country or continent and selectively exclude various other areas.
Referring to FIGS. 4-6, another preferred embodi ment of a circularly polarized beam shaping antenna 32, is shown. Circularly polarized bean shaping antenna 32 includes a circularly polarized pyramidal feed horn 34 having a rectangular aperture 36. The pyramidal feed horn 34 is preferably located at the focal point of a first planar ground plane 38. The pyramidal feed horn 34 generates the circularly polarized beam of radiation. This beam of radiation illuminates a series of circularly polarized crossed dipole radiator elements 40, attached to the elliptically shaped first planar ground plane 38. The crossed dipole radiator elements 40 are operable to receive the circularly polarized beam of radiation.
A number of crossed dipole radiator elements 42 are attached to a second planer ground plane 44, also hav ing an elliptical circumference. Ground plane 44 is posi tioned opposite to the feed horn 34 such that it is sub stantially aligned with the first planar ground plane 38. The crossed dipole radiator elements 40, are connected in conjugate pairs to the crossed dipole radiator ele ments 42, by means of a series of transmission lines 46, shown more clearly in FIGS. 5 and 6. Crossed dipole radiator elements 42 are operable to radiate the circu larly polarized beam of radiation. Each of the radiator elements 40 and 42 are substantially identical to the radiator elements 18, above. The crossed dipole radiator elements 42 further include a series of slip joints 48 which provide for the rotation of the crossed dipole radiator elements 42 relative to the second ground plane 44. In operation, the pyramidal feed horn 34 generates the circularly polarized beam of radiation which is re ceived by the crossed dipole radiator elements 40. The circularly polarized beam impinges the crossed dipole radiator elements 40 and propagates through the trans mission lines 46 connecting the crossed dipole radiator elements 40 and 42. After propagating through the transmission lines 46, the circularly polarized beam propagates out the crossed dipole radiator elements 42. Referring to FIGS. 7 and 8, a spiral radiator element 50 and a microstrip/patch radiator element 52, are shown. The spiral radiator element 50 and microstrip/-patch radiator element 52 can be substituted for any of the crossed dipole radiator elements 18, 40 and 42 dis cussed above. Each radiator element 50 and 52 is capa ble of radiating a circularly polarized beam of radiation and is similarly capable of altering the phase of its beam by physical rotation of the radiator element relative to a ground plane. The spiral radiator element 50 and the microstrip/patch radiator element 52 are preferably made of copper, however, radiator elements 50 and 52 can also be constructed of aluminum, graphite or other suitable electrically conductive materials. As such, one skilled in the art would readily recognize that radiator elements 50 and 52, as well as other radiator elements capable of radiating a circularly polarized beam of radi ation, can be used with the beam shaping antennas dis cussed above.
The foregoing discussion discloses and describes merely exemplary embodiments of the present inven tion. One skilled in the art will readily recognize from such discussion, and from the accompanying drawings and claims, that various changes, modifications and variations can be made therein without departing from the spirit and scope of the invention as defined by the following claims.
What is claimed is:
1. A circularly polarized beam shaping antenna for shaping a beam of radiation to create a predetermined radiation pattern to radiate a fixed area such as a state, or country or continent, said circularly polarized beam shaping antenna comprising: a circularly polarized feed horn for generating the beam of radiation; a plurality of circularly polarized radiator elements attached to a conductive ground plane, wherein each circularly polarized radiator element is fur ther attached to a short circuit termination through a semi-rigid coaxial cable and a balun, said circu larly polarized radiator elements being positioned to receive the beam of radiation from the circularly polarized feed horn, said semi-rigid coaxial cables operable to transfer electrical signals received from each circularly polarized radiator element to the short circuit terminations, said short circuit termi nations operable to reflect the electrical signals, wherein each circularly polarized radiator ele ments is operable to individually radiate a beam of radiation to form a combined radiation beam; and a plurality of slipjoints for independently rotating the circularly polarized radiator elements to set the phase of each circularly polarized radiator element relative to the conductive ground plane, said slip joints independently altering the phase of each circularly polarized radiator element to a set phase such that the circularly polarized radiator elements shape the combined radiator beam to create the predetermined radiation pattern to radiate the fixed 83.
2. The beam shaping antenna as defined in claim 1 wherein the conductive ground plane has a parabolic COO. 3. The beam shaping antenna as defined in claim 1 wherein the conductive ground plane has a planar con tot. 4. The beam shaping antenna as defined in claim 1 wherein the conductive ground plane has a circumfer 5,283,590 7 ence selected from the group consisting of circular and elliptical.
5. The beam shaping antenna as defined in claim 1 wherein each circularly polarized radiator element is selected from the group of circularly polarized radiator elements consisting of a crossed dipole radiator, a spiral radiator and a microstrip/patch radiator. providing a plurality of circularly polarized radiator elements attached to a conductive ground plane; connecting a plurality of short-circuit terminations to the plurality of circularly polarized radiator ele ments through a plurality of semi-rigid coaxial cables and baluns;
utilizing a plurality of slip joints for rotationally ad justing each circularly polarized radiator element about an axis relative to the conductive ground plane to alter and set the phase of each circularly polarized radiator element; and illuminating the circularly polarized radiator ele ments such that each circularly polarized radiator element individually radiates a beam of radiation to form a combined radiation beam to create the pre determined radiation pattern to radiate the fixed aca.
